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We first processed the raw sequences to remove non-template regions introduced during library preparation, and excluded reads with long homopolymer regions (>20bp) and low-quality reads 2 5 1 with a Phred score of <30. All filtering steps were conducted using publicly available Perl scripts 2 5 2 from https://github.com/Eli-Meyer/rnaseq_utilities. We mapped the remaining high quality reads 2 5 3 against the transcriptome for this species (Anderson et al., 2016 ) using a short-read aligner 2 5 4 software SHRiMP (Rumble et al., 2009) , and counted unique reads aligning to each gene to 2 5 5 produce count data for statistical analysis of gene expression in each sample.
5 6
We tested for differential gene expression using a negative binomial model in the R 2 5 7 package DESeq2 (Love et al., 2014) . We tested for changes in gene expression by evaluating 2 5 8 changes in both constitutive and stress-induced expression across samples. We first tested for the 2 5 9
interaction effect between treatment (control versus heat stress treatment) and bleaching response 2 6 0 (susceptible versus tolerant). Next, we tested for each main effect, treatment and bleaching 2 6 1 response. We extracted differentially expressed genes (DEGs) to compare expression across 2 6 2 samples, then searched for patterns of expression across all DEGs for each of the three models 2 6 3 tested, and categorized DEGs based on similarity in expression patterns. To analyze genetic relationships among corals and associations with bleaching responses, 2 6 8 we conducted multilocus SNP genotyping using a sequencing-based approach (2bRAD).
6 9
Altogether, we sequenced 150 million high-quality reads, averaging 3.87 million reads per 2 7 0 colony. We mapped these reads to a reference previously developed from aposymbiotic larvae, 2 7 1 ensuring the loci being genotyped are derived from the coral host rather than the algal symbionts.
7 2
We genotyped >700 kb at ≥ 5x coverage (Supplementary Table S1 
8 5
After 4 weeks in thermal stress at 31°C and 32°C, we saw considerable variation in 2 8 6 bleaching among stressed fragments, while symbiont density changed very little across control 2 8 7 samples. While there was variation between colonies, there was little to no variation in bleaching 2 8 8 among fragments from the same colony (Figure 2 ). We quantified symbiont densities in each 2 8 9 fragment using qPCR, and compared stress and control phenotypes to determine the average 2 9 0 reduction in symbiont abundance in each colony. We estimated the bleaching response of each 2 9 1 colony as the difference between average ddC T for stressed and control fragments. Colonies 2 9 2 showed substantial variation in both their initial symbiont densities and their bleaching responses, 2 9 3 based on both visual examination of the fragments and qPCR analysis of relative symbiont 
5
We also found several groups of genes that were not expected based on prior studies but 3 3 6
were repeatedly observed across multiple markers and linkage groups in our study, suggesting a 3 3 7 possible functional role for these genes in bleaching responses. These included 5-3 3 8
hydroxytryptamine (serotonin) receptors (9 genes altogether, linked to markers on LG 3, 5, and 3 3 9
16. Similarly, we repeatedly found that galanin receptors were linked to bleaching associated 3 4 0 markers (27 galanin receptor genes linked to bleaching-associated markers on LG 3 and 16). and three heat-stress fragments). We sequenced these libraries twice (on HiSeq3000 and HiSeq 3 5 7 4000), because of unexpectedly low yields in these sequencing runs, then combined all reads for 3 5 8
analysis. In total, 56.7 million raw reads were produced, approximately 1.58 million reads per 3 5 9
sample. The majority of these passed quality and adaptor filtering (95.6%) leaving 54.2 million 3 6 0 HQ reads for expression analysis.
6 1
Using a negative binomial model, we tested for changes in gene expression, evaluating 3 6 2 differences in both constitutive and stress-induced expression. Our model tested for the effect of potential role in response to heat stress. Building on the findings from our association study, this 3 9 0 analysis of gene expression provides an independent line of evidence associating these genes with 3 9 1 genetically determined variation in corals' thermal tolerance. but left uncertainty in whether these findings extended to adult corals with intracellular algal 3 9 8
symbionts and the energetic demands of calcification. Our findings confirm that some coral 3 9 9
populations harbor similar genetic variation in thermal tolerance traits of adult coral colonies.
0 0
These parameters have been studied in Indo-Pacific Acroporids, but to our knowledge no 4 0 1 quantitative estimates for heritability of thermal tolerance were previously available for corals in 4 0 2 the Robust clade (Fukami et al., 2008; Meyer et al., 2009a Meyer et al., , 2011 Kitahara et al., 2010 Caribbean reefs (Meyer et al., 2009a (Meyer et al., , 2011 Baums et al., 2013; Dixon et al., 2015; Kenkel et al., 
1 9
This study builds on growing evidence that coral populations harbor genetic variation that 
2
Importantly, these estimates of h 2 express genetic potential for adaptation, and other in these samples, with additional loci of smaller effects remaining undetected.
7 7
Dziedzic et al. increased tolerance to heat-stress (Finley et al., 1987; Pickart, 2001; Welchman et al., 2005;  4 9 0 Shahsavarani et al., 2012) . For corals, these genes are highly correlated with increased thermal 4 9 1 tolerance and are typically up-regulated in heat-stress corals with more damaged proteins 4 9 2 (DeSalvo et al., 2008; Barshis et al., 2010; Lundgren et al., 2013; Bay & Palumbi, 2015) . Jones & Palumbi, 2017). This protein is also a co-chaperone of Hsp70, making it an important 4 9 7
marker for thermal stress in corals (Cyr et al., 1994; Walter & Ron, 2011) . Peptidyl-prolyl cis-4 9 8
trans isomerase is also involved in proper folding and assembly of new proteins and has been 4 9 9
expressed in response to heat shock (Galat, 1993; Sykes et al., 1993) . Studies have shown this 
0 4
We also found genes repeatedly observed across multiple markers and linkage groups, but and disease (Mitsukawa et al., 2009; Lang et al., 2014; Sciolino et al., 2015) . While the role of et al., 2010; Stewart et al., 2017) . Despite these genes having an unknown role in thermal 5 2 5
tolerance, their continued expression and linkage to significant SNPs suggests they contribute to 5 2 6 variation in corals' thermal tolerance.
2 7
In addition to genetic analysis, high-throughput sequencing has also enabled widespread 5 2 8
application of RNA-Seq approaches to profile gene expression (Wang et al., 2009) . These 5 2 9
methods have been widely adopted to study transcriptional responses to thermal stress in corals 5 3 0 (DeSalvo et al., 2008; Voolstra et al., 2009; Leggat et al., 2011; Meyer et al., 2011; Oliver & 
3 1
Palumbi , 2011; Bellantuono et al., 2012a Bellantuono et al., , 2012b Barshis et al., 2013; Kenkel et al., 2013;  5 3 2 Palumbi et al., 2014) . One finding that has emerged consistently from these studies is the populations and in controlled studies (López-Maury et al., 2008; DeSalvo et al., 2010; Meyer et 5 3 7 al., 2011; Granados-Cifuentes et al., 2013) .
3 8
Here, we built upon these studies by quantifying variation in transcriptional responses to 5 3 9
thermal stress in the context of known genetic relationships and thermal tolerance phenotypes.
4 0
We found that heat-tolerant and -susceptible corals differed substantially in their responses to 5 4 1 thermal stress. Focusing on the genes differentially expressed as a function of the type × 5 4 2 treatment interaction, we identified a cluster of genes that were constitutively expressed at higher 5 4 3 levels in heat-tolerant corals than their susceptible counterparts, and were down-regulated during 5 4 4 thermal stress whereas susceptible corals up-regulated the same genes (Fig 6a) . These included misconceptions. Nature Reviews Genetics, 9, 255-266. 
4 2
Nature Reviews: Genetics, 10, 57-63. 
